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With the advent of small-gauge vitrectomy, there has been a paradigm shift in the surgical management
of posterior segment disorders. However, when this concept was ﬁrst introduced, there were numerous
technical hurdles and limitations. Over the years, various technological advances, especially the intro-
duction of new generation vitrectomy machines capable of powering small-gauge instrumentation and
improvised ﬂuidics, have overcome these limitations. This review presents the evolution of sutureless
vitrectomy to its present status and discusses the various advances that have taken place in various
concepts, such as instrumentation, to achieve better efﬁciency and results. Shorter operating times,
improvements in patient comfort, and faster visual recovery are the main beneﬁts of this approach.
Copyright  2011, The Ophthalmologic Society of Taiwan. Published by Elsevier Taiwan LLC. All rights
reserved.1. Introduction
One of the principles that guides the development of a surgical
procedure is the desire for less invasive approaches that achieve
similar if not better clinical outcomes. The quest to ﬁnd ways to
reduce the duration of surgery and minimize trauma has led to
developments in surgical techniques and instrumentation. Reduc-
tion in the incision size has lead to the minimization of tissue
trauma and reduction in the postoperative convalescence period.
The transition from conventional extracapsular surgery to phaco-
emulsiﬁcation has shown a resulting decrease in surgical time, less
postoperative inﬂammation, and faster recovery. A similar analogy
lies in the development of small-gauge vitrectomy systems, which
shorten the operating time, obviate the need of sutures (and hence
suture-related inﬂammation), and remarkably reduce tissue
damage.
The development of a 17-gauge vitreous-infusion-suction-
cutter (VISC) system by Machemer et al in 1971,1 which required
a single 2.3-mm pars plana incision, was a huge step forward from
the concept of “open-sky” vitrectomies conceived by Shafer in 1950
and propagated by Kasner in the 1960s.2 This expanded the use of
vitrectomies and made it an essential procedure for treating a wide
variety of vitreoretinal disorders. In 1975, O’Malley and Heintz3
divided the system to give rise to the “conventional” 0.9-mm,hibagUnderbridge, Shahibag,
agpal).
e Ophthalmologic Society of Taiwa20-gauge “bimanual” vitrectomy. This has remained the standard of
care for over three decades.
Although Chen4 advocated self-sealing sutureless sclerotomy
for the 20-gauge system, it still needed a conjunctival opening and
suturing. Eugene de Juan Jr. is credited with inventing the 25-gauge
(0.5-mm) system in 1990 with Hickingbotham and describing its
use for transconjunctival sutureless vitrectomy (TSV) along with
Fujii in 2002.5,6 Just 3 years later, in amodiﬁcation of the procedure,
Eckardt devised a 23-gauge system with a diameter of 0.75 mm.7
Further minimization of vitrectomy instrumentation was intro-
duced by Oshima et al who presented the 27-gauge vitrectomy
system.8
Transconjunctival sutureless vitrectomy (TSV) has opened up
a new realm of minimally traumatizing surgeries that results in
a reducedmean surgical time, less postoperative inﬂammation, less
corneal astigmatism, greater postoperative comfort, faster recovery
time, and fewer postoperative medications.5,9e12
The transition from the standard 20-gauge vitrectomy towards
small-gauge vitrectomy is directly linked to advances in the overall
approach to vitrectomy in terms of incisionmaking, ﬂuidics, cutting
technology, and illumination. Because the gauge has got smaller,
the overall instrumentation has had to adapt to overcome size and
lumen handicaps. Advances in each of these aspects are discussed
in detail in the following sections.
2. Incision making
How to make the incision has been one of the most important
aspects of the shift toward smaller gauge-based procedures. Then. Published by Elsevier Taiwan LLC. All rights reserved.
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and making scleral ports using microvitreoretinal blades. With
small-gauge procedures there is no need to open the conjunctiva
and instead trocar cannula-based systems are used tomake a direct
entry through the conjunctiva and sclera in order to pass various
instruments through the cannulae.6 At the end of surgery, these
cannulae are removed without having to suture the sclera or the
conjunctiva, thus bringing about a paradigm shift in the concept of
vitrectomy.
One of the major concerns of any sutureless procedure is the
higher risk of endophthalmitis. Traditionally, the rate of endoph-
thalmitis after 20-gauge vitrectomy is approximately 0.03e
0.05%13e15 and after a 25-gauge vitrectomy the rate ranges from
0.23e1.6%.16e18 These numbers point to the fact that the rate of
endophthalmitis after sutureless surgeries is higher compared with
the rate after surgery using 20-gauge sutures. Of course, these
initial reports were from the early phase following the advent of
small-gauge surgery. This may be related to the method of scle-
rotomy construction and its learning curve. So, the important and
fundamental aspect of sutureless vitrectomies is the method or
design of wound construction.
3. Instrumentation: trocar cannula system
The currently used noncoring trocar (Edgeplus; Alcon Labora-
tories, Inc., Fort Worth, TX, USA) (Fig. 1) is based on a modiﬁed MVR
blade and requires less insertion force than the hypodermic needle-
based, coring-type design.19 The cannula ﬁts over the trocar, which
allows 23- or 25-gauge sclerotomy and simultaneous insertion of
a cannula. The cannula maintains alignment between the
conjunctival and scleral openings and facilitates insertion of the
instrument, thus preventing breaks at the vitreous base due to
repeated insertion of the instrument. The earlier generation of
cannulae were metallic and the incisions were made using the
older blades that were chevron-shaped and patulous, thus
increasing the chances of wound leakage. The newer blades have
a hump that is perpendicular to the horizontal plane of the blade,
which stretches the tissue in the direction perpendicular to the
horizontal plane of the blade, thus ensuring a slit-like incision. A
slit-like incision is always better because it is stable and not
patulous.20
4. Different types of incisions
The various types of incisions are the stab incision, oblique
incision, and biplanar incision, and among these the biplanar
incision helps to prevent hypotony andmakes thewounds themost
secure.
4.1. Stab incision
For a 25-gauge vitrectomy, direct entry is made using small-
gauge trocars after conjunctival displacement at the pars plana at
the required distance from the limbus, depending on the phakicFig. 1. 25 gauge Edgeplus trocar blade (Courtesy Alcon Laboratories, Fort Worth, USA).status of the patient. The disadvantage of this incision is that
leakage of intraocular ﬂuid can occur, increasing the risk of
endophthalmitis.21
4.2. Oblique incision
Entry is made in an oblique fashion using a trocar 30 to the
sclera. The length of the incision should be adequate. The disad-
vantage of the oblique incision is that the inner tissues are often
disrupted, resulting in an insecure postoperative wound.22
4.3. Biplanar incision
The incision requires two steps. Initially, the blade is inserted at
a 30 angle, and then entry is made perpendicular to the sclera.23
The advantage of this incision is that it achieves better wound
apposition, thus reducing the chances of hypotony.
5. Advice for performing self-sealing incisions
In order to achieve a stable self-sealing incision, it is important
to displace the conjunctiva, maintain good ﬁxation of the globe, and
use the biplanar incision technique. Port placement is also impor-
tant, particularly in the 25-gauge microincision vitrectomy system
(MIVS). If the ports are too close to one another, excess stress on the
instruments can occur, raising the chance of ﬂexibility problems to
occur when maneuvering the shafts of the small-gauge cutter and
light pipe. The trocar cannula system overcomes this problem by
allowing the surgeon to place the infusion in any of the three
cannulae rather than being required to use the inferotemporal
cannula. This gives vitrectomy cutter the access to any of the three
ports which eventually allows ﬂexibility and a better approach to
the engage tissue planes in the superior quadrant particularly
between 10 o0 clock and 2 o0 clock. We insert the infusion cannula
midway between the vertical and horizontal axes temporally. The
superonasal and superotemporal ports are made above and as close
to the horizontal axis as possible in order to achieve maximum
maneuverability.
6. Fixation forceps
We use the trocar-Fixation plate (pressure plate forceps) from
ASICO (Westmont, IL, USA) (Fig. 2) in a multifunctional manner in
order to make the incision.20 The pressure plate forceps haveFig. 2. Insertion of cannula with Trocar Fixation Plate.
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from the limbus and have serrations on the undersurfaces that
provide good grip on the conjunctiva for alignment over the
proposed scleral entry. The pressure plate forceps allow a stable,
ﬁxed globe while making the biplanar incision. The pressure plate
forceps’ inner margins slide into the groove of the cannula, allow-
ing easy withdrawal of the trocar without disturbing the integrity
of the cannula. Immediately prior to making the incisions, the eye is
washed with a jet of saline, and a few drops of povidone-iodine
drops are instilled to address conjunctival ﬂora. Initially, the
blade is obliquely inserted into the sclera at an angle of about
30e45 up to the cannula mark. Then, the direction of the blade is
adjusted perpendicular to the sclera as it is inserted into the
vitreous cavity. The biplanar incision not only holds the cannula in
place but also prevents the postoperative egress of ﬂuid. We use
biplanar incisions during both the 23- and 25-gauge procedures.
The biplanar incision has the added advantage of reducing the
chance of inadvertent slipping of the cannula during instrument
withdrawal.
7. Cannulae removal
At the end of the vitrectomy, the cannulae are plugged to
prevent egress of ﬂuid. At this stage, the infusion pressure is
reduced to 15 mmHg and, one by one, each of the cannulae are
removed by holding them with plain forceps. The lower infusion
pressure prevents the egress of intraocular ﬂuid during removal.
Immediately after removal of each cannulae, the port site is
massaged with the blunt tip of the applicator for 10e15 seconds in
order to allow the stretched scleral ﬁbers to regain their elastic
memory (Fig. 3). This technique allows better sealing of the scleral
ﬁbers and prevents any inadvertent vitreous incarceration. A drop
of povidone-iodine is then instilled.20
At the end of the procedure, subconjunctival antibiotics are
injected into the inferonasal quadrant. The quadrants of the port
entry are avoided to prevent accidental entry of antibiotics into
the vitreous cavity, which may lead to retinal toxicity. On Post-
operative Day 1, the port sites are carefully examined under a slit
lamp to look for any wound leakage. We have been examining
postoperative wound healing of these ports using the anterior
segment component of Spectralis (Heidelberg Engineering Inc.,
Heidelberg, Germany) (Fig. 4). These scans reveal sequential
healing stages of the sclerotomy sections from Postoperative Day 1
through Days 15 and 30. The wounds created using the EdgeplusFig. 3. Removal of cannula.design trocars have excellent healing characteristics. We have also
noted that the average outer and inner opening diameters of the
sclerotomy sites tend to increase with longer surgical times.24 This
may be due to the latency of the scleral ﬁbers to retract back in
relation to the actual time they had been stretched by the
cannulae.
8. Addressing hypotony
The prevention of hypotony during the early postoperative
period is also crucial to ensuring a safe MIVS procedure. Early
postoperative hypotony can create a siphoning effect, drawing
surface bacteria into the vitreous cavity. As stated earlier, measures
to prevent hypotony include partial or total ﬂuid-air exchange or
intermittent closure of the infusion while the cannulae are
removed. Usually, we decrease the infusion pressure during the
removal of cannulae; however, if hypotony is persistent, we inject
air in order to maintain proper postoperative tone in the eye. Ports
are carefully observed for leakage, which can manifest as increased
conjunctival bleb. Good closure will not reveal any signs of
a conjunctival bleb after the removal of all cannulae.
If there is any suspicion of leakage from these incisions, adding
a suture is the best course of action. This is also the case if the
wound is suspected of leaking silicone oil. There has been much
debate regarding the role of vitreous incarceration around the
cannula and in the wound. Various methods have been proposed to
prevent vitreous incarceration into the cannula. One method rec-
ommended by Dugel is to remove the cannula with the light pipe
inside the cannula, thus preventing vitreous entry into the cannula
and incarceration.20 In one of our studies,25 we endoscopically
observed that the residual vitreous surrounding the cannula is
inaccessible to any cutter. This vitreous remnant usually plugs the
ports to some extent during cannula removal. In the same study, we
also noted, however, that there was no increased rate of compli-
cations, such as peripheral breaks or retinal detachments. In these
cases. This vitreous does not lead to increased complications
because all of the instruments enter the vitreous cavity though
a protected cannula sleeve at the vitreous base.
9. Valved cannulae
The most recent development is the introduction of valved
cannulae for 23- and 25-gauge vitrectomies (Fig. 5).26 The insertion
of these cannulae is as simple as the nonvalved Edge-plus trocar-
cannula system. Additionally, the new valved cannulae are easily
removed from the trocar without the need of additional forceps.
The valved cannulae also remove the need for plugs during their
removal. An additional feature of the valved cannulae is a vented
extension that can be inserted to allow air to go through the
cannulae for air/silicone oil exchange. With a closed procedure,
there is less risk of wound leakage, no turbulence while working
with a perﬂuorocarbon liquid, and less possibility of vitreous or
retina incarceration during the sclerotomy. Furthermore, the valved
cannulae provide true intraocular pressure (IOP) control under air,
a scenario that was previously impossible when exchanging
instruments.
10. Advantages of the new generation vitrectomy machines:
the Constellation platform
In the past, the vitrectomy systems that were designed for use
with 20-gauge ﬂuidics had obvious limitations with 23- and 25-
gauge instruments, primarily the inability to maintain good ﬂow
at high cut rates. The new generation Constellation vision system
(Alcon), however, incorporates ﬂuidics that are designed to work
Fig. 4. Anterior Segment OCT of Scleral Ports on 1st post-operative day. A. 23 gauge B. 25 gauge.
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previous machines. Relative to 25-gauge cannulae, the new 25þ-
gauge infusion cannulae feature a larger cross-sectional area and
create a slightly more turbulent ﬂow that actually has a gentler
impact on the retinal surface than the ﬂow generated using smaller
cannulae (Fig. 6).
ULTRAVIT High-Speed Vitrectomy Probes (Constellation, Alcon)
deliver 5000 cuts per minute (cpm) with dual pneumatic drives
that operate on a variable duty cycle with all gauges. This repre-
sents a new concept in pneumatic probes that use pulsed air, in
order to both open and close the port, thus controlling the duty
cycle independent of the cut rate and eliminating the spring-return
release mechanism. This probe allows surgeons to regulate the bias
of the duty cycle alternatively between coremode, shavemode, and
50/50 mode.27 Using this probe, surgeons can efﬁciently control
ﬂow in both open and closed duty cycles and choose a cut rate thatFig. 5. Valved Cannula.maximizes their speciﬁc needs during the procedure. For most
situations, and when on the retinal surface in particular, an open-
bias duty cycle yields excellent efﬁciency while still allowing
a 5000 cpm cut speed, which results in very little tissue movement.
Using a port-biased, closed duty cycle with a lower cut rate results
in a lower ﬂow rate, whereas as the cut rate increases, the duty
cycle and ﬂow also increase. Thus, the rate of vitreous removal
using 23- and 25-gauge systems is markedly improved on the
Constellation platform (Fig. 6).
When performing a core vitrectomy, one can use an open-bias
cutter operating at 5000 cpm with a vacuum of 500e600 mmHg.
The detached retina can then be addressed in shave mode with the
closed duty cycle. So, for the ﬁrst time, we are able to maintain
5000 cpm with the ability to have the ﬂow characteristics of the
core vitrectomy be consistent with detached retina manipulation.Fig. 6. Flow dependence of 20-, 23-,25- gauge cutters (in open state) with peristaltic
and venture using balanced salt solution.
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A good understanding of the ﬂuid dynamics of vitrectomy is
needed to address the actual implications on the ﬂuidics of small-
gauge vitrectomy systems. The use of smaller cutters is associated
with a number of drawbacks, the foremost being the decrease in
the ﬂow rate during vitrectomy, which can lead to longer surgeries.
The ﬂow rate through the cutter is inﬂuenced by several factors,
such as the diameter of the cutter’s opening, the duty cycle, the
vacuum strength, the viscosity of the aspirated vitreous, the
mechanism upon which the cutter is based (pneumatic or elec-
trical), the movement of the blade, and the internal diameter of the
cutter’s lumen.28 The fundamental goal of a vitrectomy is to relieve
traction with minimum disturbance to the underlying retina.29 A
greater understanding of ﬂuidics is of utmost importance to
achieving greater globe stability and reducing related complica-
tions during vitrectomies. Substances can enter the suction port of
a vitrectomy instrument when there is a pressure difference
(gradient) across the port, which is called the transoriﬁce pressure
(TOP).30 When TOP is too low, the process of vitreous removal is
prolonged; if the gradient is too high, traction between the vitre-
oretinal interfaces can become an issue.
12. Interactions between cutting speed, vacuum, and ﬂow
rate
The pressure differential across the cutter and tubing is propor-
tional to the ﬂow; high vacuums cause greater ﬂows, while higher
cutting speeds cause lower ﬂow rates while still maintaining
a reasonable vacuum for tissue retention. A decreased ﬂow rate
reduces intraocular turbulence because there is a smaller pressure
difference between the open and closed cycles of the probe port. Less
intraocular turbulence is desirable because itminimizemovement of
themobile retina. The ﬂow rate and cutting frequency determine the
average vitreous ﬁber travel between cuts (i.e., average efﬂuent ﬁber
length) and, therefore, the amount of vitreoretinal traction. The valve
dynamics, drive electronics, cutter friction, and moving mass
determine the frequency of cutting. The fastest possible cutting rate
is best for all tasks in all cases. The fast cutting technique maximizes
the safety of all gauges of vitreous cutters.
13. Fluidics of MIVs
Early in the development of vitrectomy, cutters had slow cut
rates and there was a signiﬁcant lag between reducing the
depression on the foot pedal and the resulting reduction in suction
at the opening of the cutter. This made shaving the vitreous or
removal of proliferation from the surface of the retina very difﬁcult.
In order to secure tissues of varying consistency, an aspiration
system should be able to generate small changes in the suction
force over a wide range. This means that the infusion should
simultaneously replace the evacuated ﬂuid and tissue through the
aspiration system, even when a strong vacuum is required.29 Also,
the TOP gradient between the vitrectomy probe, fragmenter, and an
extrusion device should be zero when the surgeon’s foot is off the
pedal. These effects should occur in real time, without delay. With
the advent of high-speed cutters and improvements in machine
technology, these steps are nowmuch easier with both 23- and 25-
gauge vitrectomy approaches.
14. Fast cutting
Small-gauge technology helps to move the cutter towards the
retina as opposed to pulling the collagen ﬁber in from a distance
away from the retina. As Steve Charles said, “You move yourvacuum cleaner around the room to clean the carpet; you don’t put
the vacuum cleaner in the middle of the room and try to clean the
whole area.”31 Thus, the best method is to use the highest cut rate,
move the port towards the vitreous, and always move the cutter
forward while cutting and increasing the proportional vacuum
until vitreous removal is sufﬁcient, then decreasing the vacuum
when working close to the retina.
Lower ﬂow rates are always safer and are an issue only if they
signiﬁcantly increase the operating time. The actual advantage of
MIVS is limiting the port-based ﬂow rate.32 Pulse ﬂow is deﬁned as
the volume of ﬂuid that goes through the port with each open-close
cycle. Port-based ﬂow is inherently limited by a smaller lumen.
Limiting the port-based ﬂow reduces the pulse ﬂow. Intra-
operatively, the surgeon runs very little ﬂuid through the eye, 50e75
ccs on average inMIVS versus 200e400 cubic centimetres (ccs) with
the 20-gauge system. This reduction in the ﬂuid volume traversing
the port with each open-close cycle reduces cutter-induced motion
of the detached retina, thereby enabling the safer removal of
peripheral vitreoretinal traction. In addition, limiting the port-based
ﬂow prevents surges after the sudden elastic deformation of dense
epiretinal membranes through the port, facilitating safer conformal
cutter delamination for diabetic traction during retinal detach-
ments. The crucial point is that 25-gauge cutter lumens are smaller
than the 23- or 20-gauge lumens and are, therefore, able to produce
better ﬂuidics because of increased port-based ﬂow.
However, the increasing use of smaller gauge systems has led to
the ﬁnding that there is decreased ﬂow performance during
vitreous removal in 25-gauge vitrectomies relative to the standard
20-gauge vitrectomy. The aspiration rate is lower in the 25-gauge
system even if the aspiration pressure is set to 500e600 mmHg
compared with that of the 20-gauge system. Besides lower ﬂow
rates, a 25-gauge port also increases the overall resistance to
vitreous removal. Induction of a posterior vitreous detachment
would not only take longer but would bemuchmore difﬁcult due to
less suction, smaller ports, and lower ﬂow rates. These issues can
lead to increased surgical times.
The 25-gauge sutureless system also had disadvantages related
to dimmer illumination, but these issues were resolved with the
advent of a xenon-powered light source. Constellation Illuminator
incorporates ENGAUGE radio frequency identiﬁcation device tech-
nology (RFID) to recognize the light probe’s gauge size and auto-
matically adjust the light intensity. It also controls the amount of
light and warns the surgeon if he is using brighter than average
settings for any given ﬁberoptic probe so as to avoid toxicity
concerns.
When using 25-gauge instruments, it might be difﬁcult to rotate
the eyeball or reduce small saccadic eye movements (during ﬁne
maneuvers, including the removal of epiretinal membranes or
internal limiting membranes) because the instruments are so soft.
The newer 25-gauge instruments are stiffer and will most likely
become even more so in the future, and they will probably be used
just like the 20-gauge instruments. Some limits are also set by the
surgical instrument manufacturing due to the smaller size
cannulae. The 25-gauge curved intraocular scissors, for instance,
cannot have a pronounced curve that renders them much less
effective, forcing surgeons to compromise with other methods.
The 23-gauge systems are emerging as a very viable approach
for balancing the pros and cons of the 20- and 25-gauge systems,
thereby leading to the expansion of the use of transconjunctival
sutureless vitrectomy (TSV). The 23-gauge system pioneered by
Eckardt7 allows angled incisions, thereby allowing the surgeon to
perform sutureless TSV while retaining the feel, movement, and
stability of the stiff 20-gauge instruments that surgeons prefer.
Another principal beneﬁt of choosing a 23-gauge system over
a 25-gauge system is the signiﬁcant improvement in ﬂuidics. For
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a precise ability to cut. Using the vitrector to reliably create
a posterior vitreous detachment requires a high-net ﬂow rate. Both
the 23- and 25-gauge vitrectomy approaches are quite good at
achieving low-ﬂow ﬂuidics. For instance, each can be used to shave
the vitreous base and remove proliferations associated with dia-
betes. The separation between the 23- and 25-gauge vitrectomy
approaches becomes most evident in the high-ﬂow domain. Peak
ﬂow rates through a 25-gauge vitrectomy system are limited by the
small internal diameter of the cutter and the infusion cannula. In
a 23-gauge surgery, both the cutter and the infusion cannula have
improved designs that afford higher ﬂow rates. In this sense, we use
ﬂow as a tool. Our ability to grasp and remove a posterior-vitreous
face depends on the amount of suction, the diameter of the cutter
opening, and, because thin vitreous sheets do not readily occlude
openings, the ﬂow rate.
Moreover the port of the 23/25-g cutter is closer to the end of
the tip, adding to its efﬁciency because it is possible to come
extremely close to the retina in order to dissect the membranes.
Normally, onewouldmost likely need bimanual instrumentation or
specialized scissors, but with these cutters one can go almost ﬂush
over the retina and cut the membranes safely, sparing most of the
underlying retinal tissue. Having the port so close to the tip also
allows the suction to peel neovascular proliferation by increasing
the force of the vacuum.33
In fact, the efﬁciency of the 23-gauge cutter has been shown to
be similar to that of the 20-gauge cutter, and by using vacuums of
200e250 mmHg it is possible to duplicate the same efﬁciency as
the 20-gauge cutter when cutting dense vitreous. The increased
rigidity of the instrumentation helps to overcome any control
problems due to the overﬂexibility of the 25-gauge instrumenta-
tion. However, when operating on eyes with large ﬁltering blebs,
such as patients with macular pucker, the 25-gauge system is
preferable because it is smaller and less invasive, allowing for
preservation of the bleb.
15. Illumination system
The miniaturization of instruments created the need for the
development of smaller illumination probes that would give
a brighter illumination and wider panoramic view.34,35 Miniaturi-
zation of illumination devices became possible because of the
strong light produced by the xenon-based source. Eckardt36
developed a “twin light” xenon-based illumination probe, which
was designed to directly penetrate the conjunctiva and sclera. In
2007, Oshima et al8 presented a ﬁberoptic with a 27-gauge diam-
eter based on the same technology. This ﬁberoptic remains ﬁxed to
the sclera after insertion, which enables the execution of bimanual
surgery and provides wider illumination of the vitreous cavity (i.e.,
“chandelier” illumination). Presently, chandelier ﬁberoptic tips can
be inserted into a fourth port using the same 25-gauge cannulae
that are used for the regular ports and are eventually removed at
the end of the surgery without suturing.
16. Hybrid approach (20/25- or 20/23-gauge)
There are certain situations where standard small-gauge
vitrectomy cannot be used at present.
16.1. Nucleus drop removal or intraocular foreign body
(IOFB) removal
In the case of nucleus drop or intraocular foreign bodies, one of
the ports has to be enlarged to accommodate the fragmatome and
remove intraocular foreign bodies. In such situations, the other twoports can be made of 23- or 25-gauges whereas one port can be of
a 20-gauge.37 Moreover, there are 20/25-gauge and 20/23-gauge
adaptors available that can be inserted into a 20-gauge wound
after the nucleus or IOFB removal so that the rest of the procedure
could continue using small-gauge dynamics.
17. Three-dimensional technology
The new generation MIVS systems offers a dual dynamic drive,
which allows for simultaneous linear control of cut and vacuum to
produce the resulting ﬂow rate. These abilities enhance efﬁciency
andmaximize control. The three-dimensional (3D) interface stands
for “dual, dynamic, drive,” where the three D’s represent these
concepts:
 Dual: combines dual control of the vacuum and cut rate.
 Dynamic: provides dynamic changes to the ﬂow rate as the
pedal is depressed.
 Drive: allows the ﬂow parameters to be visualized via the foot
pedal.
This interface works on the concept of dual linear control, which
means that any point in time the surgeon can have two different
preprogrammed settings for the vacuum and cut rate. As the
surgeon travels through the range of the foot pedal, he can change
the settings on the machine from a preset starting point for cutting
and the vacuum to a preset endpoint. However, 5000-cpm cutter
speeds and making the ﬂuidics unable to limit the overall ﬂow
dynamics are preferred. This allows the surgeon to always remain
at the highest possible cut rate, thus improving overall safety.
The 3D system has been in practice with 20-gauge surgeries for
some time, but the advantages are even more apparent with small-
gauge sutureless surgery. The new cutters are designed in such
a way that the port opening is extremely close to the tip of the
cutter shaft. This allows the surgeon to use the cutter extremely
close to the retina without disrupting it. The port-based ﬂow
resistance makes it extremely safe in a wide range of cases, and
with 3D surgery it makes small-gauge incisions not only safer but
also more efﬁcient.
Moreover, the cutters are pneumatically driven and have vari-
able duty cycles, thus adding greater safety at the port opening
without compromising speed. This means that even at 2500 cpm,
the variable duty cycle is able to keep the port opening time at
a sufﬁcient duration so that the actual speed of the surgery does not
reduce proportionately, which is the usual case when using high-
speed electrical cutters. This allows the cutters to be used at
a high speed, giving better control for cutting near the retina. Thus,
the combination of small-gauge cutters and their safety advantage
in relation to the port-based ﬂow resistance and 3D technology is
now an ideal choice for the vitreoretinal surgeon.
18. Future research
Further reﬁnements in instrumentation are ongoing and will
continue to improve the results of small-gauge vitrectomy and
reduce the limiting factors. Cutting rates of 7500 cpm are already in
the pipeline, and a 27-gaugeplatformwill gain further acceptance in
the future as themachines continue to improve their overallﬂuidics.
Oshima et al developed a 27-gauge instrument system that
includes an infusion line, a high-speed vitreous cutter, an illumi-
nation system, and a variety of vitreoretinal instruments, such as
membrane forceps and sharp-tipped endophotocoagulation
probes.8 They measured the duty cycle of 27- and 25-gauge cutters
at several cut rates using a high-speed imaging camera. Infusion and
aspiration ratesweremeasured using a balanced saline solution and
M. Nagpal et al. / Taiwan Journal of Ophthalmology 2 (2012) 6e1212porcine vitreous with different aspiration levels. The surgical
outcomes, including anatomic success rate, visual outcomes, oper-
ating times, and intra- and postoperative complications, were also
evaluated. Their results show that although the infusion and aspi-
ration rates of the 27-gauge system measured in BSS were reduced
to an average of 62% and 80%, respectively, compared with those of
the 25-gauge system, the duty cycle of the 27-gauge cutter (61% at
1000 cpm and 38% at 1500 cpm)was equal to or better than those of
the 25-gauge cutter (62% and 28%, respectively). Analysis of the
ﬂuid dynamics showed that vented gas-forced infusion can be set to
range from 20e30 mmHg in order to control intraocular pressure
(IOP) during 27-gauge vitrectomy. Anatomic success was achieved
in all study eyes (100%); 20 eyes (65%) showed visual improvement
of three lines ormore. No eyes required conversion to a larger gauge
instrument. All sclerotomies were able to self-seal without hypot-
ony (IOP 7 mmHg) from Postoperative Day 1. So, although the
ﬂuid dynamics and cutting efﬁciency of 27-gauge instruments are
lower compared with 25-gauge MIVS, the 27-gauge system is
feasible and may reduce concerns about wound sealing-related
complications in selected cases.
When small-gauge vitrectomy using a 25-gauge systemwas ﬁrst
introduced, the machines on which this gauge were used were
originally conﬁgured to drive 20-gauge ﬂuidics. Hence, there were
limiting factors because surgeons were used to the dynamics of the
20-gauge surgery. However, the new generation machines have
been designed to cater its ﬂuidics in a customized manner for 23-
and 25-gauge systems and will eventually cater to 27-gauge
systems.
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